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DEVICE AND SYSTEM FOR IN-VIVO PROCEDURES 



CROSS REFERENCE TO RELATED APPLICATIONS 

The present application claims is a continuation-in-part of prior filed 
International Application number PCT/TL02/00026, filed 1 1 January 2002, 
entitled 'Device and System for In- Vivo Procedures" which in turn claims priority 
from US provisional patent applications 60/260,645, 60/260,646, 60/307,040 and 
60/3 12,01 8, all of which are incorporated by reference herein in their entirety. 

FIELD OF THE INVENTION 

The present invention relates to the field of medical devices. More 
specifically the invention relates to essentially self contained devices, for 
perforating in-vivo procedures, inter aha, in emergency situations. 

BACKGROUND OF THE INVENTION 

Medical procedures in body lumens and cavities, such as 
gastroenterology procedures and laparoscopic surgery procedures, may require 
specifically designed medical devices. Typically, the devices include a 
performing end (distal end) functionally coupled to a controlling end (proximal 
end). The performing end, which is inserted in to the body, is operated and 
manipulated by the controlling end, which is accessible to an external operator. 

Such devices are commonly used in coordination with a separate 
endoscope device. Endoscopes typically include a tube, which is inserted into the 
body, having viewing or imaging capabilities and channels that are utilized for air 
insertion, water injection, suction and for passing medical devices through them 
into the body. The tube is connected, at its proximal end, to a control body that is 
held by an external operator. Feature buttons and pulley wheels are presented on 
the control body for activation and control of the endoscope, the different channel 
functions and the inserted medical devices. The design of medical devices used 
with endoscopes is subject to the endoscope limitations. The devices may have to 
be miniaturized in order to accommodate to the endoscope channel dimensions 
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(for example, devices utilized in gastroenterology are typically passed through 
channels that measure 2mm to 4.2mm). Many surgical procedures cannot be 
effectively conducted with these miniaturized surgical instruments. Thus, the 
greatest limitation for gastrointestinal surgery today is the limited access through 
small endoscope channels. 

In vivo procedures are sometimes required for providing emergency aid 
in the field, such as, at the location of an accident. These in vivo procedures may 
include, among other tilings, suction and intubation. Suction may be performed, 
for example, in cases of acute gastric bleeding or stomach emptying, for treating 
acute poisoning etc. Intubation may be performed, inter alia, to facilitate 
pulmonary ventilation during anesthesia or in intensive care situations. The 
known devices or systems for performing in vivo procedures are usually bulky 
and may have to be connected to an external power supply, or piping system. 
Furthermore, the known devices usually have to be sterilized in between 
procedures. Thus, the known devices cannot realistically accommodate the 
patient and/or medical needs during emergency in vivo procedures, in which a 
power supply and piping system, as well as sterilization, might not be easily 
available and in which transport and/or movement of the patient may be required. 

SUMMARY OF THE INVENTION 

There is thus provided, according to an embodiment of the invention, a 
device and system for performing in vivo procedures. The device and system, 
according to an embodiment of the invention, are not subject to endoscope 
limitations since the device and system are typically self-contained, combining in 
vivo performing capabilities in a single integrated device. The device and 
system, according to an embodiment of the invention, may be a single-use device 
or system or may comprise single-use components, essentially eliminating the 
need for sterilization in between uses, although reusable components or devices 
may also be used. According to an embodiment of the invention, the device and 
system may be capable of performing in vivo procedures without wired 
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connections, or with reduced numbers of wired connections, to external 
apparatuses. Thus, the device and system according to an embodiment of the 
invention can be easily used in emergency in vivo procedures. 

The term "in vivo procedures" relates to any diagnostic and/or 
therapeutic procedures performed in the human body, for example, but not 
limited to, in vivo sensing, in vivo imaging, procedures of gastroenterology, 
procedures within blood vessels, procedures of gynecology and laparoscopic 
surgery procedures. 

There is thus provided, according to one embodiment of the invention, an 
insertion member having a proximal end, which is accessible to an external 
operator and a distal end, which is inserted in vivo. The insertion member, 
according to an embodiment of the invention, comprises, at its distal end an 
imaging unit The imaging unit, according to an embodiment of the invention, 
comprises a complementary metal oxide semiconductor (CMOS) imaging chip, 
an illumination source, such as a light emitting diode (LED), optic fibers or a 
luminescent foil, and a transmitter for transmitting image data from the image 
sensor to a typically external receiving system. According to an embodiment of 
the invention, the image sensor and illumination source are situated behind a 
single optical window. Optionally, some components of the imaging unit may be 
battery operated, while others may be connected through a wired connection to an 
external power supply. The insertion member, according to an embodiment of the 
invention, may be a single-use member or comprise some parts that are single- 
use, such as a single-use imaging unit. 

There is also provided, according to another embodiment of the 
invention, a device for performing an in vivo procedure. According to an 
embodiment of the invention, the device comprises a central body having a distal 
end, which is inserted in vivo, and a proximal end, which is accessible to an 
external operator. The device comprises at its distal end, a functional unit and an 
imaging unit. The functional unit includes at least one instrument for performing 
an in vivo procedure. The imaging unit comprises at least one illumination source 
for illuminating a site in vivo, at least one image sensor for obtaining images of 
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the site in vivo and an optical window. The imaging unit may also comprise a 
transmitter for transmitting image data from the image sensor to a receiving 
system, typically located externally to a patient's body. At its proximal end, the 
device comprises controls that are functionally or electrically coupled to the 
functional unit for externally activating and manipulating the functional unit for 
performing in vivo procedures. The imaging unit may be a physically distinct 
unit located at the distal end of the device. Alternatively, the imaging unit 
components may be each positioned, on the distal end of the device, in 
accordance with specific requirements of the functional unit, of the specific site in 
vivo, of illumination conditions etc. The components of the imaging unit, which 
may be as described above, may be powered by wires connected to an external 
power source. The wires may run through or along the central body of the device. 
Alternatively, the components of the imaging unit may be wireless, utilizing a 
contained energy source, such as a battery. 

There is further provided, in accordance with another embodiment of the 
invention, a multi-piece endoscope having a preferably re-usable hand piece 
section and a preferably single use insert section. In use, the insert section is 
inserted into the body, while the hand piece section allows the medical 
professional to control and interface with the endoscope. In another embodiment, 
the invention comprises an essentially wireless, self-contained endoscope capable 
of performing all endoscopic functions without wired connections, or with 
reduced numbers or wired connections, to external apparatus, such as 
monitors/video processors, or a power source. 

Also provided, in accordance with yet another embodiment of the 
invention, is a system for performing in vivo procedures. According to one 
embodiment, the system comprises a tool having an in vivo sensor for obtaining 
in vivo information and for performing an in vivo procedure and a receiver, 
processor and monitor in communication with the tool for receiving and 
optionally processing the in vivo information obtained by the tool and for 
optionally displaying the in vivo information, hi one embodiment the tool 
comprises an image sensor for obtaining in vivo images. The tool may further 
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comprise a transmitter for transmitting data, such as image data, from the in vivo 
sensor to the processor. The data may then be displayed on the monitor. The 
monitor may be, inter aha, a computer or video monitor or a specifically designed 
LCD. The tool, may be a single-use, self-contained tool. Preferably, the 
communication between the elements of the system may be wireless. Also, the 
elements of the system are preferably portable. Thus, the system, according to an 
embodiment of the invention, can be easily used in emergency cases or in the 
field. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and appreciated more fully 
from the following detailed description taken in conjunction with the drawings in 
which: 

Figure 1 is a block diagram of a system in accordance with an 
embodiment of the invention; 

Figures 2A-D are schematic illustrations of a device in accordance with 
an embodiment of the invention; Fig. 2 A is a schematic longitudinal cross section 
illustration of the device in accordance with an embodiment of the invention; Fig. 
2B is a schematic longitudinal cross section view illustration of the device with 
added work channels in accordance with an embodiment of the invention; Fig. 2C 
is a schematic radial cross section view of the device in Fig. 2B; and Fig. 2D is a 
schematic side view illustration of a control body in accordance with an 
embodiment of the invention; 

Figure 3 is a schematic side view illustration of tool according to an 
embodiment of the invention; and 

Figs. 4A-D are schematic illustrations of a multi-piece endoscope in 
accordance with an embodiment of the invention; Fig. 4A is a schematic 
illustration of a two-piece endoscope according to an embodiment of the 
invention; Fig. 4B is a schematic illustration of a two-piece endoscope according 
to another embodiment of the invention; Fig. 4C depicts the interface between a 
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central body and controller according to one embodiment of the present 
invention; and Fig. 4D is a cross section view of the interface between a central 
body and controller according to one embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention relate to a system and device for 
performing in vivo procedures in human or animal patients, for example, 
procedures of gastroenterology, procedures within blood vessels, procedures of 
gynecology, laparoscopic surgery procedures and so on. In preferred 
embodiments, the system and device contain portable and single-use components 
which can operate essentially wirelessly, rendering the system and/or device 
essentially self sufficient and easily operable in the field or in emergency 
situations. 

The device according to embodiments of the invention is typically an 
integrated device combining capabilities, such as visualization and performance 
capabilities. Further, in accordance with an embodiment of the invention, the 
device has autonomous imaging capabilities and can operate in vivo 
independently of guiding apparatuses, such as endoscopic instruments. The 
device, which is designed according to functional considerations and not 
according to endoscope limitations, can cover a wider range of in vivo procedures 
than medical devices that are endoscope dependent. 

Devices for performing in vivo procedures, according to an embodiment 
of the invention may include, but are not limited to, graspers, blades, clamps, 
tissue collecting baskets, means for delivering treatment at a specific location, 
stents, catheters, suturing devices, forceps, dilatation balloons etc. 
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In the following description, various aspects of the present invention will 
be described. For purposes of explanation, specific configurations and details are 
set forth in order to provide a thorough understanding of the present invention. 
However, it will also be apparent to one skilled in the art that the present 
invention may be practiced without the specific details presented herein. 
Furthermore, well known features may be omitted or simplified in order not to 
obscure the present invention. 

Reference is now made to Figure 1, which is a block diagram of a system 
for performing in vivo procedures, in accordance with an embodiment of the 
invention. In an exemplary embodiment, die system 10 preferably includes parts 
that operate inside the patient's body (in vivo) and parts that operate outside the 
body. The in vivo parts are preferably parts intended for single use, such as an 
imaging unit 200 and a medical device 100. The single use parts can be replaced 
between uses, thus eliminating the need to sterilize the parts after every use. The 
parts that operate outside the body may be reusable, for example, a controller 150, 
typically for controlling the medical device 100, a receiving system 250, which 
typically comprises a receiver 260 and a processor 270, for receiving and 
optionally processing image data from the imaging unit 200 and a display 280 for 
displaying the image data received from the imaging unit 200. System 10 may be 
constructed as a single device including all the components of the system. Other 
configurations are possible. For example, the receiving system 250 may be 
remotely positioned and in wireless communication with the imaging unit 200 
and/or the medical device 100. The display 280, which may be a computer or 
video monitor or a specifically designed LCD, may be part of the receiving 
system 250 or may be a separate unit 4 connected by wire to or in wireless 
communication with the receiving system 250. , or, optionally, wired Also, the 
elements of the system may be portable and thus easily used in emergency cases 
or in the field. 

Preferably, the controller 150 is in communication with the medical 
device 100 so as to control its operation. The imaging unit 200 is preferably 
attached to the medical device 100 but may also be a separate unit. According to 



7 



P-4438-US 



some embodiments medical device 100 has integrated imaging capabilities. The 
imaging unit 200 transmits image information to the receiving system 250, 
preferably to the receiver 260, over a wired connection or wirelessly. The receiver 
260 and the processor 270 may be in communication with each other and 
processor 270 may process the image data received by the receiver 260. 

According to one embodiment, real-time viewing of a body lumen is 
enabled by the system 10. Alternatively, the receiving system 250 may include a 
memory (not shown), optionally a portable memory unit such as a CD, for saving 
the in vivo data transmitted from the imaging unit 200 for later display and/or 
analysis of the data 

The receiver 260 and processor 270 may be constructed as a one-part unit 
wherein the receiver is incorporated in the processor. In another embodiment, the 
receiver 260, processor 270 and display 280 may all be part of a single unit. In yet 
another embodiment, the receiver 260 is a separate unit and the processor 270 and 
display 280 comprise a separate unit. The receiver 260, which may include a 
memory or recording mechanism (not shown), may be portable and carried in 
proximity to a patient's body while the patient is being viewed by imaging unit 
200. Image data is transmitted from the imaging unit 200 to the receiver 260 and 
is saved or recorded onto the memory in the receiver 260. The saved or recorded 
data can then be downloaded or otherwise transferred to the processor 270 for 
analysis and/or further display on the display 280. A receiving system, including 
a display which can be implemented in an embodiment of the invention is 
described in U.S. Patent 5,604,531 to Iddan, which is assigned to the common 
assignee of the present invention and which is hereby incorporated by reference. 
Also, the RAPID™ work station by Given Imaging Ltd. of Yokneam, Israel, 
which includes a receiver, processor and display, may be easily modified by a 
person skilled in the art to be operable in the present invention. Other receivers 
and/or processors and/or displays may be used. Also, in alternate embodiments, 
the system 10 may include other components in other arrangements. 
Additionally, other methods may be used to transmit images from the imaging 
unit to the receiver system. 
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A schematic illustration of a device, in accordance with an embodiment of 
the invention, is presented in Figs. 2A-D. In Fig. 2A a device 2000 includes an 
insertion member 13 which comprises, at its distal end 204, a CMOS imager 12, 
light emitting diodes (LEDs) 14 and an optical window 16. The insertion member 
13 may be designed to meet specific requirements. Insertion member 13 may be a 
flexible or rigid rod or it may be specifically shaped. Insertion member 13 maybe 
made of any suitable material such as silicon, suitable plastics, suitable metals, 
etc. The CMOS imager 12 may be an active or passive CMOS imaging chip and 
may generate digital or analog signals (other types of imagers, such as CCD 
device may be used). Preferably, CMOS imager 12 is a single chip imager 
similar to the CMOS image sensor (Camera on Chip) designed by Photobit Inc. 
of California, USA, with integrated active pixel and post pixel circuitry. LEDs 14 
may be monchromatic or white LEDs. A CMOS image sensor and LED operable 
in accordance with an embodiment of the invention are described in WO 
01/65995, which is assigned to the common assignee of the present invention and 
which is hereby incorporated by reference. CMOS imager 12, LEDs 14 and 
possibly lenses or mirrors for collimating remitted light (not shown), are 
positioned behind optical window 16. In the embodiment illustrated in Figs. 2A 
and 2B optical window 16 (and 26) is dome shaped. 

For optimizing imaging conditions optical window 16 can be configured 
to define an ellipsoid shape and the CMOS imager 12 and LEDs 14 can be 
positioned on the focal plane of the shape defined by the optical dome, as 
described in WO 00/76391, which is assigned to the common assignee of the 
present invention and which is hereby incorporated by reference. 

The components of the insertion member 13 may be powered through 
wires connecting them with an external power source (not shown). Alternatively, 
it will be appreciated that both CMOS imagers and LEDs are low power 
components that may be powered by a battery (not shown). 

Transmission of signals from the CMOS imager 12 may be effected 
through wires connecting the CMOS imager to a remote and external receiving 
system (not shown). Alternatively, a wireless transmitter may be utilized for 
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transmitting signals to the receiving system. Signals from CMOS imager 12 may 
be transmitted using various digital or analog modulation techniques. For 
example, transmission of a digital image over a radio channel may use an FSK 
(Frequency Shift Keying) modulation technique. Preferably, a transmitter 
wirelessly transmits image data to an external receiving system, for example, by 
using microwave or radio frequencies. In one embodiment, the imaging unit is a 
single-use, battery-operated unit. In other embodiments the imaging unit may be 
externally induced, such as by an external magnetic field, or may be connected to 
an external power supply. Optionally, some components of the imaging unit may 
be battery operated, such as the image sensor and illumination source, while 
others, such as the transmitter, may be connected through a wired connection to 
an external power supply. It will be appreciated that the wireless embodiment has 
the advantage of being more easily disposable and less cumbersome than the 
wired embodiment. 

Device 2000 may serve as an accessory to utility devices for in vivo 
diagnostics and/or therapeutics. Alternatively, device 2000 may serve as a 
platform for adding integrated utility devices for in vivo diagnostics and/or 
therapeutics. 

An embodiment which includes additional utility devices is illustrated in 
Figs. 2B and 2C. The embodiment illustrated in Figs. 2B (a longitudinal cross 
section view illustration) and 2C (a radial cross section view) includes insertion 
member 23 which comprises CMOS imager 22, LEDs 24 and optical window 26. 
Further included is an area 25, which forms a space or matrix enclosing insertion 
member 23 and through which channels 27 traverse. Channels 27 may be air or 
water channels, or they may be suction channels or channels for receiving utility 
devices. Utility devices may include, but are not limited to, graspers, blades, 
clamps, tissue collecting baskets, means for delivering treatment at a specific 
location, stents, catheters, suturing devices, forceps, dilatation balloons etc. 

Utility devices for in vivo diagnostics and/or therapeutics, which are 
inserted through channels 27, may be controlled by a control body that is 
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connected to the insertion member. According to other embodiments utility 
devices may include their own controlling unit 

A control body, in accordance with an embodiment of the invention, is 
illustrated in Fig. 2D. Insertion member 33 is connected at its proximal end 202 
to control body 37. Control body 37 comprises device controls 35 for manually 
manipulating the utility devices and control knobs 39 for moving the distal end of 
insertion member 33. Utility devices that are inserted through channels 27 are 
coupled at their proximal end to device controls 35 such that the utility device 
distal end, which is inserted in vivo (for example, in a patient's body), can be 
manipulated by moving device controls 35. The insertion member distal tip and 
the utility devices may also be controlled mechanically or automatically, as 
known in the art. 

A medical tool according to an embodiment of the invention is illustrated 
in Fig. 3. The medical tool 100 comprises a central body 101 having a proximal 
end 102 and a distal end 104 (the proximal end 102 is typically non-inserted 
during a medical procedure). The distal end 104 contains a functional element, 
such as, blades 106, and an imaging unit 200. A controller 150 for controlling the 
action of the functional element, such as blades 106, is attached at the proximal 
end 102 of the central body 101. The controller 150 may be handles or any other 
suitable controlling element that is functionally coupled to the blades 106 through 
the central body 101. Alternatively, the controller 150 may be an electronic 
command box electrically coupled to the functional unit either wirelessly, by 
using IR, radio waves etc., or through the central body 101, for example by wires 
running through the central body 101 and connecting the blades 106 with the 
controller 150'. Controller 150 is preferably accessible to an external operator to 
be operated manually by applying force so as to control and manipulate the 
blades 106. In one embodiment controller 150 may be connected to an external 
electric power supply or to a battery so as to allow electric operation of the 
medical tool 100. Alternatively, other methods of controlling blade movements 
may be used. 
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The central body 101 can be adjusted to be employed in any in vivo 
procedure. It can be flexible (for example, to be used in procedures of 
gastroenterology), rigid or semi rigid, as required. It can be fabricated of any 
suitable material such as silicon, suitable plastics, suitable metals etc. 

Imaging unit 200, is located at the distal end 104 of the central body 101, 
such that the operation of blades 106 and the in vivo site of operation can be 
imaged and viewed simultaneously with die real time operation of blades 106. 
Imaging unit 200 may be similar to the imaging unit described in Fig. 1. Images 
can be transmitted from imaging unit 200 to a receiving unit as described in Fig. 1 
and can be viewed in real time or stored in a receiver for later viewing. 

It will be appreciated that although a specific functional unit for 
performing an in vivo procedure (blades) is demonstrated, the device of the 
invention is not limited to these components. Rather, the functional units for 
performing an in vivo procedure may include graspers, blades, clamps, tissue 
collecting baskets, means for delivering treatment at a specific location, stents, 
forceps, etc. More specifically the device may utilize instruments from these 
exemplary categories: biosensors, biopsy forceps, polypectomy snares, 
hemostasis devices (elctro-cautery, band ligation, endoclips), balloons (including, 
for example, dilatation balloons), catheters, sphincterotomes, guidwires and 
suturing devices. The device 100 may be attractive to apply on advanced surgical 
devices such as hemostasis cautery and band ligation devices, gastrointestinal 
resection devices, gastro fundo-plication devices, gastriceduction devices and 
gastrointestinal suturing and clipping devices. 

Another exemplary embodiment of the system of the present invention is 
illustrated in Figs. 4A-C. According to an embodiment of the invention, the 
system includes a multi-piece endoscope comprising a preferably re-usable or 
disposable hand piece section and a preferably single use or disposable insert 
section. In use, the insert section is inserted into the body of a human or animal 
patient (e.g., the GI tract, circulatory system, abdomen, the airway, or other cavity 
or lumen). The hand piece section remains partially or completely outside the 
body, and provides the interface and controls (e.g., pulleys, air/water controls, 
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suction controls), which the medical technician (e.g., the gastroenterologist, 
surgeon, etc.) operates, and optionally provides the interface to external supplies, 
monitors, or other equipment (e.g., air, water, a video monitor). Preferably, 
different types of insert sections may be used with the same hand piece section, 
including insert sections having varied functionalities, uses, and structures. 

In an exemplary embodiment (for example, where the hand piece is 
reuseable), the hand piece section and the insert section connect at an interface. 
Preferably, the interface performs several tasks. For example, the interface, inter 
alia, physically connects the hand piece section and the insert section, allows 
physical control information, such as mechanical force provided by pulleys, to 
pass from one section to the other, allows power (e.g., electrical power) to pass 
between the sections, and allows other information (such as video signals or fiber 
optic information) to pass between the sections. The interface may provide a seal 
for tubes running through both sections which allow physical matter (e.g., air, 
water) to pass between the sections, and may connect tubes running through both 
sections through which instrument inserts such as graspers, blades, clamps, tissue 
collecting baskets, means for delivering treatment at a specific location, stents, 
catheters, suturing devices, forceps, dilatation balloons etc., are inserted into the 
body. 

Reference is made to Fig. 4A, which depicts a two-piece endoscope 
according to one embodiment of the present invention. In an exemplary 
embodiment, the two-piece endoscope 1 comprises a hand piece section 100 
having a distal end 160, and an insert section 200 having a distal tip 210 and a 
proximal end 230; the hand piece section 100 and an insert section 200 are 
connected at an interface 300. Hie hand piece section 100 may include tubes 110 
for air and water, wires 120 delivering, for example, electric power to the 
endoscope 1 or signals to a monitor or computer (not shown). Tubes 110 may 
allow for, for example, insufflation, suction, or flushing. The hand piece section 
100 may include, for example, a set of controls 130, such as controls for moving 
the distal tip 210 of the insert section 200. The controls 130 may act to control, 
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for example, air, water, suction, insuflation and/or flushing. The hand piece 
section 100 may include an opening 180 for inserting an instrument. 

In another embodiment depicted in Fig. 4B, the endoscope 1 is an 
essentially autonomous endoscope, minimally or not at all relying on connections 
to external apparatuses, thereby enhancing mobility and easy use of the 
endoscope 1. The endoscope 1 includes at the distal tip 210 of the insert section 
200, an imaging unit 13 such as the imaging unit described above or in WO 
00/76391 or the imaging system described in US Patent Number 5,604,531 or 
WO 01/165995 all of which are assigned to the common assignee of the present 
invention and all of which are hereby incorporated by reference. The imaging 
unit 13 may include an image sensor, such as a CCD or a CMOS image sensor, 
an optical system (which typically includes lenses and/or mirrors and/or prisms) 
and an illumination source, such as LEDs or optical fibers. The image 
information from the imaging unit may be transmitted to the hand piece section 
100 by, for example, a wire. Alternately, the image information may be 
transmitted without a wire; for example using a radio transmitter to a receiving 
unit located in the hand piece section 100 or in an alternate location. 

If the images are sent to the to the hand piece section 100 (by wire or by 
radio waves), the hand piece section 100 may send the image information to a 
monitor, recorder, data processor, or other device. The hand piece section 100 
may transmit such information by wire or by wireless transmission. For example, 
the hand piece section 100 may include a transmitter 14, which may be, for 
example, an RF transmitter such as the transmitter described in the above 
mentioned WOO 1/65995". Alternately, the imaging unit 13 may include a 
transmitter and transmit image or other information directly to a monitor, 
recorder, data processor, or other device. All or some of the elements of the 
imaging unit 13 may be powered by a battery 12, which may be a single use or a 
rechargeable battery, contained at the distal tip 210. Alternatively the elements 
may be powered by a battery 12 located elsewhere along the endoscope 1, for 
example, in the hand piece section 100. 
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In one embodiment, the insert section 200 may include a water reservoir 
16. For example, a 130cm endoscope with 13mm diameter has a gross volume of 
172cc. A working channel of 3.5mm has a volume of 12.5cc, and two water/air 
channels, of 1mm diameter, each have a volume of 4cc. Therefore, the net 
volume of such an endoscope is approximately 150cc (172 - 12.5 - 4 - 4) = 
151.5). This volume of water may be used for flushing the lumen. In alternate 
embodiments an endoscope containing a water reservoir may have different 
configurations, and may include a water reservoir having different configurations. 

In one embodiment, a compressed air/gas balloon 15, built inside the 
hand piece section 100, provides air pressure to insufflate or flush water. 
Alternatively or additionally, a small electrical pump can be incorporated in the 
hand piece section 100, to provide pressure and/or suction, or charge pressed air 
into the balloon 15. The content sucked out of the body lumen can be deposited 
in the emptied space in the water reservoir 16. In alternate embodiments an 
endoscope containing a gas or air balloon or reservoir may have different 
configurations, and may include a gas or air balloon or reservoir having different 
configurations. 

It will be appreciated that the endoscope in its wireless embodiment (for 
example as illustrated in Fig. 4B) may be a single piece endoscope or any 
endoscope designed for single use or may be a two-piece endoscope, for example, 
as illustrated in Fig. 4A. 

Reference is made to Figs. 4C and 4D, which depict the interface of a 
two-piece endoscope according to one embodiment of the present invention. 
Referring to Figs. 4A, 4C and 4D, the distal end 160 of the hand piece section 
100 and the proximal end 230 of the insert section 200 are connected at an 
interface 300. Wires (140) controlling the distal tip 210 of the insert section 200 
are disposed in the hand piece section 100, and are controlled by controls 130 in a 
known manner. Preferably four wires are included; other numbers of wires may 
be used. Preferably, the controls 130 include two wires (pulleys), a horizontal 
pulley and a vertical pulley, and, for each pulley, when the pulley is moved in one 
direction, one of the two wires is pulled towards the controls 130, and one of the 
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two wires is released away from the controls 130. Other methods of moving the 
wires and of translating wire movements to endoscope movements may be used. 

Wires (240) controlling the distal tip 210 of the insert section 200 are 
disposed in insert section 200. These wires act to move the distal tip 210 of the 
insert section 200 in a known manner. 

When the hand piece section 100 and insert section 200 are connected, 
the wires disposed in the hand piece section are attached to the wires disposed in 
the insert section, and thus the control information (such as mechanical force) 
transmitted by the wires disposed in the hand piece section is transmitted by the 
wires disposed in insert section to the distal tip 210. The wires may be connected 
in various manners. In one embodiment, each of the wires disposed in the hand 
piece section includes a preferably rigid loop 144 and each of the wires disposed 
in the insert section includes a hook 142; when the hand piece section 100 and 
insert section 200 are properly connected, the hooks 142 enter the loops 144 and 
thus connect the wires. When the proximal end 230 of the insert section 200 is 
inserted to the distal end 160 of the hand piece section 100, the hand piece section 
100 and insert section 200 are rotated in opposite directions, placing the hooks 
142 inside the loops 144. Once the hooks are inside the loops, the wires disposed 
in the hand piece section may be retracted mechanically away from the wires 
disposed in the insert section to create tension on the wires, decreasing slack and 
increasing control. In one embodiment, the mechanical retraction is achieved by 
a knob located, for example, at the distal end 160 of the hand piece section 100, 
which is connected to a set of threaded members located at the origin of the wires 
disposed in the hand piece section. Rotating the knob rotates the set of threaded 
members, pulling the wires disposed in the hand piece section away from the 
distal end 160, creating tension. The bases of the wires disposed in the hand 
piece section may contain threads corresponding to the set of threaded members; 
other configurations are possible. Once connected, the wires disposed in the hand 
piece section pull on the wires disposed in the insert section to control the distal 
tip 210. hi alternate embodiments, such a retraction mechanism may have other 
configurations; for example, control knobs for the mechanism may be placed with 
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the set of controls 130. In alternate embodiments the wires disposed in the insert 
section may have loops, and the wires disposed in the hand piece section may 
include hooks. 

In alternate embodiments other methods of connecting the wires may be 
used, and alternate methods of connecting the hand piece section 100 and insert 
section 200 may be used. For example, each of the wires disposed in the hand 
piece section may include a spring at its origin in the hand piece section 100. 
Each spring applies a force pulling the corresponding wire disposed in the hand 
piece section away from the distal end 160 of the hand piece section 100. The 
hooks on the ends of wires disposed in the insert section have a preferably 
triangular profile. When the hooks are inserted through the loops on the wires 
disposed in the hand piece section, the mechanical force of the angled triangle 
hooks pull the loops towards the distal end 160 of the hand piece section 100, 
extending the springs. Tension is thus created. Preferably, at the comer of the 
triangle a small niche is included which allows the triangle to fit into the loop 
tightly and locks the triangle; a "click" sound may announce the proper 
placement. In alternate embodiments, other methods of attaching the wires, and, 
possibly, creating tension on the wires, may be used. Li further embodiments a 
tension inducing mechanism need not be used. 

In further embodiments, the use of wires to control distal tip movement 
may not be used; other methods may be used, or, alternately, no movement 
controls need be included. For example, an insert section used for intubating 
may not require movement controls. Furthermore, given that, preferably, various 
types of insert sections may be connected to the hand piece section, an insert 
section not including wire controls may be attached to a hand piece section 
including such controls. 

Preferably, the hand piece section 100 and insert section 200 each include 
cavities or channels for, for example, water, air, suction, and instrument insertion. 
For example, hand piece section 100 includes instrument channel 170 (instrument 
106 is illustrated for demonstration), air channel 172, and water channel 174. 
Preferably, insert section 200 includes channels or cavities that, when the hand 
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piece section 100 and insert section 200 are connected, match, so that materials or 
fluids (e.g., air or water) or instruments may travel through both the hand piece 
section 100 and insert section 200 uninterrupted and without leakage. Thus, in 
one embodiment, insert section 200 includes instrument channel 270, air channel 
272, and water channel 274 which, when the hand piece section 100 and insert 
section 200 are properly connected, are comiected to and positioned opposite 
instrument channel 170, air channel 172, and water channel 174, respectively. 

Preferably, at the point the channels or cavities meet at the interface 300 
(at the proximal end 230 and the distal end 160), seals such as rubber, silicon or 
plastic seals or washers ensure that, when the insert section 200 and hand piece 
100 are properly connected, die channels or cavities are properly sealed to one 
another. Certain channels or cavities may not require such seals, and other 
methods of ensuring a seal may be used. 

In alternate embodiments, other sets of channels or cavities may be 
included hi the hand piece section and insert section. In alternate embodiments, 
the cavities in each of the hand piece section 100 and insert section 200 need not 
match, given that, preferably, various types of insert sections may be connected to 
the hand piece. 

In one embodiment, the insert section includes an imager, for example a 
CMOS imager, for viewing the inside of the body and possibly a light source, 
such as an LED light source. Electrical connections for, for example, power, 
images, and controls, may be provided by wires 162 extending through the hand 
piece section 100 and insert section 200 and having contacts at the interface 300. 
When the hand piece section 100 and insert section 200 are properly connected, 
the contacts for the wires on the hand piece section 100 match to the contacts for 
the wires on the insert section 200, estabhshing an electrical connection. In 
alternate embodiments, other instruments requiring electric power or electronic 
information may be included. Other types of connections may be made between 
hand piece section 100 and insert section 200; for example, a fiber optic 
connection allowing for viewing of body cavities. 
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In one embodiment, the interface 300 includes a connection system such 
as matching screw type threads or a coaxial connection. For example, to connect 
the hand piece section 100 and insert section 200, the user first connects the wires 
140 and wires 240, and possibly other connections. The user then inserts the 
hand piece section 100 into the insert section 200 and turns. As the user turns, the 
hand piece section 100 and insert section 200 are pressed against one another. In 
one embodiment, the hand piece section 100 includes an outer ring that includes 
an internal engraved thread. The insert section 200 includes flaps or extensions 
fitting into the threads. When the ring is placed over the flaps and begins to 
rotate, the flaps * and the insert section 200 are pulled towards the hand piece 
section 100, so as to press them firmly against each other. Preferably, any 
electrical contacts in the interface 300 are also pressed against one another, and 
any seals for channels or cavities are also pressed against one another. In 
alternate embodiments, other systems for connecting the hand piece section 100 
and insert section 200 may be used; for example, a clamp system, or a system 
where the insert section 200 includes threads. Alternatively, The hand piece 
section 100 and insert section 200 may be connected in one motion. 

La another embodiment, which can be useful in an autonomous 
endoscope, according to an embodiment of the invention (for example as 
illustrated in Fig. 4B), pressurized air is forced from the hand piece section 100 
into the insert section 200 either to insufflate a body lumen or to drive water from 
an internal reservoir into the body lumen. In this embodiment a nozzle is 
mechanically/manually emerged from the hand piece section 100 and entered into 
an air channel, after the both are connected by interface 300. The nozzle is 
inserted into an air channel in the insert section 200 and seals the rim of the air 
channel opening once inside, thus preventing leakage of air when pressurized air 
is released into the air channel. The pressurized air can be supplied from an 
external source or from an internal source, such as the balloon 15 demonstrated in 
Fig. 4B. . 

A further embodiment an autonomous endoscope according to an 
embodiment of the invention (for example as illustrated in Fig. 4B) includes an 
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air/water selector. In this embodiment selection of the "flush" control, for 
example, by an operator will cause pressurized air to be directed into the water 
reservoir (such as water reservoir 16 in Fig. 4B), in order to force water out of the 
distal tip 210. A "router" of pressurized air is placed toward the proximal end 
230 of the insert piece 200 to direct the air pressure into the water reservoir when 
"flush" is selected. The router may be placed, for example, immediately after the 
nozzle referred to above. 

Preferably, the hand piece section 100 is intended to be used repeatedly, 
and is manufactured accordingly, and preferably the insert section 200 is intended 
for single use, and is also manufactured accordingly. Preferably, the materials 
required to be so are biocompatible. In alternate embodiments, the insert section 

200 need not be single use. 

-I 

Preferably, various insert sections, having different functionalities, 
structures and uses, may be attached to and used with the same hand piece 
section. Li alternate embodiments, a hand piece section may be intended for use 
with only one type of insert section. In further embodiments, the endoscope need 
not be "two-piece," and an endoscope according to the present invention may 
include multiple sections. 

It should be appreciated that any of the embodiments described above or 
other embodiments, according to the invention, can be combined to form a 
system in accordance with an embodiment of the invention. The system would 
have the benefit of performing medical procedures in the field or in emergency 
cases while obtaining in vivo information of the patient, typically, in vivo image 
information. This may be particularly intended for cases of internal bleeding 
where it might be crucial to view and locate the in- vivo bleeding organ in order to 
perform a successful treatment and for cases of obstructed airway where a 
medical tool such as an intubation tool may be inserted. It will be appreciate that 
the device is not limited for use in case of bleeding or obstructed airway but can 
be use in other treatments as well. 

For example, a system for emergency treatment in the field may include 
a medical tool comprising an imaging unit capable of transmitting image data and 
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a receiving unit. The receiving unit, which, according to some embodiments, 
comprises a receiver, processor and a display may be part of a portable computer 
(e.g., a PC or palm-top computer) and will allow the processing of in vivo 
information and the viewing of the in-vivo images without requiring a connection 
to an external power supply. 

In alternative embodiments a medical tool may comprise other in vivo 
sensors, such as known in vivo pH meters, in vivo pressure detectors, temperature 
sensors, etc. The in vivo sensors may transmit in vivo data to an external 
receiving unit as described above. 

Also, a single-use, multi-piece endoscope according to an embodiment of 
the invention may be included in a system with a receiving unit as described 
above. In another embodiment a small electrical pump can be incorporated in the 
endoscope hand piece or in communication with the hand piece to provide 
pressure and/or suction, or charge pressed air for flushing a body lumen. 

The system and device according to an embodiment of the invention may 
be used in a portable emergency kit, such as an "emergency suitcase". The 
"emergency suitcase", according to an embodiment of the invention contains a 
single-use, self contained, wirelessly operated device for perfo rmin g in vivo 
procedures with integrated visualization and a portable unit comprising a 
receiver, processing unit and display. Utilizing the "emergency suitcase" in 
accordance with an embodiment of the invention will enable performing 
emergency in vivo procedures in the field. 

It will be appreciated by persons skilled in the art that the present 
invention is not limited to what has been particularly shown and described 
hereinabove. Alternate embodiments are contemplated which fall within the 
scope of the invention. 



21 



